H
ospitals participating in the American Heart Association quality improvement registry for inhospital cardiac arrest, Get With The Guidelines (GWTG)-Resuscitation, receive awards for high adherence rates to recommended resuscitation practices. 1 The award system for GWTG-Resuscitation recognizes sites with high rates of continuous compliance with 4 resuscitation performance metrics: time to first chest compression within 1 minute, time to first defibrillation within 2 minutes for cardiac arrests because of shockable rhythms, device confirmation of endotracheal tube placement during an acute resuscitation, and ensuring a monitored or witnessed cardiac arrest. 1 Hospitals achieving >85% compliance with each of the 4 performance measures during a calendar year are awarded Silver status, and those with 2 consecutive calendar years of compliance are awarded Gold status. 1 The intent of this distinction is to communicate performance and provide an incentive for improvement.
Some of these performance measures in the GWTGResuscitation award system, both individually [2] [3] [4] [5] and in combination, 6 have been shown to be associated with better outcomes, whereas others are derived from expert consensus. 6 However, an award mechanism based only on process measures, as opposed to one based on cardiac arrest survival, is only effective if it accurately identifies hospitals that also have the highest survival rates for inhospital cardiac arrest. Although this association between award status and survival outcomes has been shown for other cardiac diseases, such as heart failure and myocardial infarction within GWTG, 7 such an association should not be assumed to be the case for in-hospital cardiac arrest. This is because only a minority of hospitalized patients with heart failure or myocardial infarction require expertise in intensive care, whereas all patients with inhospital cardiac arrest who survive the initial resuscitation require postresuscitation care that is often prolonged in the intensive care unit. Because the current award system for GWTG-Resuscitation does not include measures of excellence for postresuscitation care, it is possible that it measures only excellence for acute resuscitation survival but may not be tightly linked with a hospital's overall survival rate for their patients with in-hospital cardiac arrest. To date, no studies have evaluated whether the current award system for GWTG-Resuscitation identifies hospitals with higher rates of survival to discharge for patients with in-hospital cardiac arrest.
To address this gap in knowledge, we compared rates of survival to discharge for in-hospital cardiac arrest at GWTG-Resuscitation hospitals that were recipients of either a Gold or a Silver resuscitation award, as compared with hospitals that did not receive such an award. Given the high prevalence of cardiac arrest in US hospitals, we specifically assessed whether an awards system based on intra-arrest process measures is able to identify hospitals with exceptional rates of in-hospital cardiac arrest survival.
METHODS

Data Source
We used data from GWTG-Resuscitation, which is a national registry of in-hospital cardiac arrest cases at participating hospitals in the United States. Briefly, trained hospital personnel identify all patients without do-not-resuscitate orders with a cardiac arrest (defined as absence of a palpable central pulse, apnea, and unresponsiveness) who undergo cardiopulmonary resuscitation. Cases are identified by hospital staff through multiple methods, including centralized collection of cardiac arrest flow sheets, reviews of hospital paging system logs, and routine checks of code carts and pharmacy tracer drug records. 8 Standardized Utstein-style definitions are used for all patient variables and outcomes to facilitate uniform reporting across hospitals. 9, 10 The GWTG-Resuscitation data are proprietary and maintained by the American Heart Association and, therefore, are not available from the authors directly. However, details of all methods will be available from the authors on request.
Study Population
For this study, all hospitals with continuous participation during a contemporary 4-year period between 2012 and 2015 were identified. For these hospitals, we obtained information on their award status for their adult (≥18 years of age) patients with in-hospital cardiac arrest during 2014 to 2015 because this was the most recent 2-year period with available hospital award status. Award hospitals were defined as those that received either a Silver award for at least 85% compliance on all 4 adult resuscitation performance measures for a consecutive 12 months between January 2014 and December 2015 or a Gold award for at least 85% compliance for all measures for the entire 2-year period. Therefore, in this study, all hospitals were either classified as award hospitals, that is, those receiving either a Gold or Silver award, or nonaward
WHAT IS KNOWN
• Within the American Heart Association Get With
The Guidelines-Resuscitation registry, hospitals receiving an award for resuscitation process measures had similar survival rates for in-hospital cardiac arrest as compared with hospitals that did not.
• Over half of hospitals with in the top tertile of inhospital cardiac arrest survival did not receive an award for excellence in resuscitation process-ofcare compliance.
WHAT THE STUDY ADDS
• The current award system in a quality improvement registry for in-hospital cardiac arrest incentivizes hospitals to achieve high rates of compliance with process-of-care measures but may not reliably recognize hospitals on survival-the outcome of the greatest importance to patients.
hospitals, representing all others. Resuscitation performance measures included time to first chest compression within 1 minute, time to first defibrillation within 2 minutes for shockable cardiac arrest rhythms, device confirmation of endotracheal tube placement during an acute resuscitation, and whether the cardiac arrest event was witnessed or occurred in a monitored location. 1 Hospitals that did not receive either award were designated as nonaward hospitals.
Study Variables
Facility characteristics (teaching status, bed number, urban versus rural location, and availability of general medical, critical care, and specialty cardiology services) were obtained from the American Hospital Association data during year 2015. Data on patient characteristics were obtained from the GWTG-Resuscitation data and included demographics (age, sex, and race), cardiac arrest characteristics (initial cardiac arrest rhythm [ventricular fibrillation, pulseless ventricular tachycardia, asystole, or pulseless electrical activity], location of arrest, witnessed or monitored arrest, use of hospitalwide code alert), comorbid conditions (eg, history of or index admission for congestive heart failure or acute myocardial infarction, metastatic or hematologic malignancy, hypertension, and diabetes mellitus), conditions present within 24 hours of cardiac arrest (eg, respiratory, renal, or hepatic insufficiency and hypotension), and interventions in place at the time of cardiac arrest (eg, need for mechanical ventilation, vasopressors, and intra-aortic balloon pump).
Study Outcome
The primary study outcome was the hospital's rate of survival to discharge for patients with in-hospital cardiac arrest. The secondary outcome was a hospital's rate of return of spontaneous circulation (ROSC), which reflects the rate of achieving a sustained pulse for at least 20 minutes after the initial cardiac arrest. To account for differences in case-mix across hospitals in the assessment of survival outcomes, risk-standardized survival was calculated for each hospital during the award period (2014-2015) and the preceding 2-year period (2012-2013) using a previously validated methodology. 11 The details of the approach are further outlined in the Statistical Analysis section.
Statistical Analysis
Facility, patient, and cardiac arrest characteristics of award and nonaward hospitals were compared using t tests for continuous variables and χ 2 tests for categorical variables. Based on our prior work, we then calculated risk-standardized survival rates for in-hospital cardiac arrest for each hospital. 11 Briefly, a multivariable hierarchical logistic regression model was constructed in which the predictor variables from the validated risk-standardization approach were modeled as fixed effects and hospitals were modeled as random effects. The predictor variables from this validated model included age, initial cardiac arrest rhythm, hospital location of arrest, hypotension, septicemia, metastatic or hematologic malignancy, hepatic insufficiency, and requirement for mechanical ventilation or intravenous vasopressor before cardiac arrest.
Using the hospital-specific estimates (ie, random intercepts) from the hierarchical model, risk-standardized survival rates for each hospital were then calculated by multiplying the registry's unadjusted survival rate by the ratio of a hospital's predicted to expected survival rate. A hospital's expected number of cardiac arrest survivors is the number of cardiac arrest survivors expected at the hospital if the hospital's patients were treated at a reference hospital (ie, the average hospital-level intercept from all hospitals in GWTG-Resuscitation) and was determined by regressing patients' risk factors and characteristics on the outcome of survival to discharge with all hospitals in the sample and then applying the subsequent estimated regression coefficients to the patient characteristics observed at a given hospital and then summing the expected number of deaths. In effect, the expected rate is a form of indirect standardization. In contrast, a hospital's predicted number of cardiac arrest survivors was determined in the same way that the expected number of deaths is calculated, except that the hospital's individual random effect intercept was used. We used a similar approach to calculate each hospital's risk-adjusted ROSC-the study's secondary outcome.
We then examined the association between a hospital's award status and its risk-standardized survival during both the award period (2014-2015) and the preceding 2-year period (2012-2013) using the Spearman rank order point-biserial correlation. Further, to specifically assess whether resuscitation awards reliably distinguished high-and low-performing hospitals, we classified all hospitals into tertiles based on their risk-standardized survival rate. We calculated the proportion of hospitals in the top tertile of risk-standardized survival that did not receive an award for resuscitation process measures and the proportion of hospitals in the bottom tertile of riskstandardized survival that received an award.
We further quantified the extent to which hospital award status accurately identified hospitals with exceptional riskstandardized survival by constructing a logistic regression model where the dependent variable was whether a hospital was in the top tertile of risk-standardized survival and the independent variable was the hospital award status. We assessed the model's discrimination using the C statistic. The C statistic ranges from 0.50 to 1.00. A C statistic of 0.50 implies that the receipt of an award had no role in the identification of hospitals in the top tertile for survival over that expected by chance alone, and a C statistic of 1.00 implies that receipt of an award accurately identified all hospitals in the highest survival tertile from hospitals in the other 2 tertiles. To assess whether the association between award status and outcomes was driven by imprecise risk-standardized survival estimates at low-volume hospitals, in sensitivity analyses, we restricted our assessment of award status and survival to discharge to hospitals that had ≥20 cardiac arrest cases during the award period and the preceding 2-year period.
All analyses were performed using SAS 9.4 (Cary, NC) and were evaluated at a 2-sided significance level of 0.05. The study was approved by the Institutional Review Board at the Mid America Heart Institute, which waived the right to informed consent because the study used deidentified data.
RESULTS
A total of 195 hospitals with continuous participation in GWTG-Resuscitation during 2012 to 2015 were identified and constituted the study cohort. Of these, 78 (40.0%) received a Gold or a Silver award for ≥1 years of compliance with all 4 resuscitation performance measures during 2014 to 2015. Compared with nonaward hospitals, award hospitals were more likely to be private, for-profit hospitals and have dedicated intensive care unit specialists, cardiac surgery capabilities, and cardiac electrophysiology services, but there were no differences in teaching status and other cardiovascular services (Table 1 ). Award hospitals also had a higher volume of cardiac arrest cases than nonaward hospitals. Across the 195 hospitals, there were a total of 29 253 patients with an in-hospital cardiac arrest. In general, the 13 872 patients at the 78 award hospitals were similar to the 15 381 patients at the 117 nonaward hospitals, but in-hospital cardiac arrest patients at award hospitals were slightly older and had higher rates of all comorbidities than those at nonaward hospitals (Table 2) .
Association Between Hospital Award Status and Survival to Discharge
During the award period of 2014 to 2015, the overall median hospital rate of risk-standardized survival to discharge for patients with in-hospital cardiac arrest was 24% (interquartile range [IQR], 21%-28%). There was no significant correlation between a hospital's award status during 2014 to 2015 and its risk-standardized survival rate during 2014 to 2015: median risk-standardized survival of 25% (IQR, 22%-30%) at award hospitals versus 24% (IQR, 12%-27%) at nonaward hospitals (Spearman ρ, 0.13; P=0.06; Figure 1) . A logistic regression model showed that there was poor discrimination between hospitals in the top tertile for risk-standardized survival to discharge for in-hospital cardiac arrest and resuscitation award status (C statistic of 0.53; Figure 2) . Notably, of the 65 hospitals in the top tertile for risk-standardized survival in 2014 to 2015 (riskstandardized survival of 26%-37.5%), 36 (55%) were nonaward hospitals (Figure 3) . And of the 65 hospitals in the bottom tertile for risk-standardized survival in the same period (risk-standardized survival of 9.8%-22.2%]), 22 (34%) were award hospitals.
When examining hospital rates of risk-standardized survival to discharge in the preceding 2 years during 2012 to 2013, there was a weak correlation with hospital award status during 2014 to 2015, median risk-standardized survival of 26% (IQR, 22%-29%) at award hospitals and 24% (IQR, 21%-27%) at nonaward hospitals (Spearman ρ, 0.16; P=0.03), but model discrimination for the association between hospital award status and top hospital tertile for risk-standardized survival remained poor (C statistic of 0.58; Figures 1 and 2) . Similarly, 32 of 65 hospitals (49%) in the highest tertile for risk-standardized survival in 2012 to 2013 were nonaward hospitals, and 33 of 65 hospitals (35%) in the lowest tertile for risk-standardized survival were award hospitals (Figure 3 ). In sensitivity analyses, of 186 hospitals with ≥20 cases of cardiac arrest during 2014 to 2015 (award period), award status was only modestly associated with hospital rates of risk-standardized survival (Spearman ρ, 0.15; P=0.04), with poor discrimination of hospitals in the highest tertile for survival by award status (C statistic of 0.56). Similarly, there remained only a weak association between award status and risk-standardized survival at 184 hospitals with ≥20 cases in 2012 to 2013 (Spearman ρ, 0.18; P=0.04), with only modest discrimination of hospitals in the highest survival tertile by award status (C statistic of 0.60).
Association Between Hospital Award Status and Rates of ROSC
During the award period of 2014 to 2015, the median hospital rate of ROSC for in-hospital cardiac arrest was 69% (IQR, 60%-75%) but was substantially higher at award hospitals (71%; IQR, 64%-77%) than at nonaward hospitals (66%; IQR, 59%-74%; P=0.001). The differences in rates of ROSC were significant, even after accounting for characteristics of patients at these hospitals (risk-adjusted rates of ROSC, 73% [IQR, 67%-76%] at award hospitals versus 69% [IQR, 64%-75%] at nonaward hospitals), with modest correlation between award status and risk-adjusted rates of ROSC (Spearman ρ, 0.19; P=0.009; Figure 4 ).
There were smaller differences in rates of ROSC between award and nonaward hospitals in the 2-year period preceding the award, but award hospitals continued to have higher rates of ROSC than nonaward hospitals even in the years before they received the award (Figure 4 ). These observations were consistent at hospitals with ≥20 cardiac arrests during the study period (results not shown).
DISCUSSION
Within the national GWTG-Resuscitation registry, ≈2 in 5 hospitals were recognized for high and consistent compliance to resuscitation process-of-care measures during 2014 to 2015. Despite excellence in these resuscitation performance measures, we found, at best, a weak correlation between hospitals with the best compliance with resuscitation process-of-care measures and those with the highest rate of risk-standardized survival to discharge for patients with in-hospital cardiac arrest. Over half (55%) of hospitals in the top tertile for riskstandardized survival for in-hospital cardiac arrest did not receive a recognition award, and approximately one-third of hospitals who were in the lowest tertile for cardiac arrest survival were award hospitals recognized for excellence in process-of-care measures. Notably, hospitals that received awards for compliance with resuscitation performance measures did have modestly higher rates of ROSC, but these differences did not translate into meaningful differences in rates of survival to discharge. Our findings suggest that the current resuscitation award system within a large national registry does not fully capture care excellence for in-hospital cardiac arrest and suggest the need for an award measure that also recognizes hospitals that achieve high rates of survival to discharge-arguably, a more important outcome for patients and their families.
Prior patient-level studies have identified certain resuscitation care practices that are associated with higher survival rates after in-hospital cardiac arrest. These include time to cardiopulmonary resuscitation, time to defibrillation, device confirmation after endotracheal tube placement, and a witnessed or monitored patient at the time of cardiac arrest. As a result, these 4 metrics comprise the current hospital award system in GWTG-Resuscitation. [2] [3] [4] [5] [6] As expected, we found that a higher compliance with these measures was associated with higher rates of ROSC. However, this study found that the current award system does not accurately classify hospitals with the highest rates of survival to discharge for in-hospital cardiac arrest.
There are several potential explanations for these observations. First, it is likely that the current award system does not recognize performance on other critical resuscitation practices that are strong determinants of in-hospital cardiac arrest survival. Specifically, during a cardiac arrest resuscitation, practices that are believed to be strong predictors of survival include high-quality cardiopulmonary resuscitation (including depth and frequency of chest compressions) and minimizing periods of interruptions of chest compressions. These aspects of resuscitation care, however, are difficult to measure accurately but are known to influence survival, [12] [13] [14] [15] [16] [17] [18] as are diagnostic and therapeutic interventions to isolate and treat the cause of the arrest. [19] [20] [21] Therefore, although some of the current process measures in the award system are important, they may not be sufficient to ensure a good outcome.
Moreover, excellence in postresuscitation care among patients who survive the acute resuscitation likely plays a large role, [22] [23] [24] [25] [26] given wide variations in postresuscitation expertise across hospitals. [27] [28] [29] [30] [31] [32] This is a critical issue with the current award system for inhospital cardiac arrest because the process-of-care measures that comprise the award measure relate to best practices for conducting acute resuscitation but do not capture excellence in the delivery of postresuscitation care in intensive care units among patients who achieve ROSC. Finally, hospital systems for resuscitation care may play a large role in higher facility-level survival rates for in-hospital cardiac arrest, 30 and these unmeasured factors include a focus on hospital culture toward iterative quality improvement in resuscitation performance, organized care teams, experienced and motivated staff, recurrent training and frequent use of resuscitation simulations, and a nonthreatening method to assess system failures. 19, 30 To date, these aspects of acute resuscitation and postresuscitation care, as well as hospital systems and culture, have been difficult to reliably quantify. 19, 21, 33 A comprehensive assessment of resuscitation systems of care that lead to better outcomes is critical given the relative paucity of national initiatives to improve patient outcomes after cardiac arrest. This is in contrast to conditions such as acute myocardial infarction and heart failure, which have been closely monitored in national health policy, 34 and are conditions in which receiving an award for compliance with performance measures is associated with better patient outcomes in corresponding GWTG registry programs. 7, 35, 36 Given the weak correlation between hospitals recognized by the current award system in GWTG-Resuscitation and hospital rates of survival to discharge for in-hospital cardiac arrest, there is a critical need to identify hospitals that excel in cardiac arrest survival. Creating an award mechanism for hospitals with the highest survival rates could help shift the emphasis in hospital quality improvement efforts in resuscitation care toward cardiac arrest outcomes rather than simply a focus on intermediate process measures. Moreover, identifying hospitals with high survival rates for in-hospital cardiac arrest highlights what survival rates are achievable and enables future mixed methods studies to better understand best practices present at these top-performing sites so that they can be disseminated to all hospitals. 21 Our study has certain limitations. First, the study does not imply that the resuscitation measures included in the current award recognition system or their combination are not essential for patient outcomes. There is evidence that better compliance with these measures is associated with better patient-level resuscitation outcomes. Moreover, we found that they were modestly associated with hospitals with higher rates of ROSC. However, our study also highlighted that there are limitations in the current resuscitation award system because it does not sufficiently discriminate hospitals with higher rates of survival to discharge for patients with in-hospital cardiac arrest. By having hospitals primarily focus on these process measures, the current award system does not incentivize and may be diverting hospital efforts away from overall survival-the outcome of the greatest importance to patients and their families. Second, we evaluated only hospital rates of survival to discharge in this study as opposed to long-term outcomes because long-term vital status is not collected in GWTG-Resuscitation. 37 Finally, this study evaluated the relationship between award hospitals and survival in a national quality improvement registry for in-hospital cardiac arrest; therefore, our findings may not apply to nonparticipating hospitals. 38 In conclusion, we found that award recognition of hospitals based on compliance with 4 resuscitation performance measures was not well correlated with hospitals' survival rates for their patients with inhospital cardiac arrest. Consideration should be given to recognize hospitals that excel in cardiac arrest survival, so that resources for resuscitation quality improvement initiatives can be prioritized toward the outcome of the greatest importance to patients and their families.
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